Preterm birth (PTB) affects 9.6% of pregnancies worldwide and is associated with a very high perinatal mortality that depends on the gestational age at delivery. As a result, PTB has a significant health and financial impact on health systems, families and societies. Its aetiology is not fully understood, but in most cases it is multifactorial, with several maternal, paternal, and epidemiological factors associated with increased risk. Other factors include parental ethnicity, maternal age and body mass index, socioeconomic status, and where the families live. This review examines the influence of ethnicity as an individual risk factor for PTB. It also explores its influence on the epidemiology of PTB and demonstrates that data on certain ethnicities are lacking, despite the fact that these ethnic clusters are within the very 'high-risk groups' that are adequately represented in some Western societies.
Introduction
The world is becoming more cosmopolitan with fluctuation in its populations and the mixing of ethnic groups. In the UK, immigration has progressively increased in the last two decades [1] , with correspondingly more ethnically diverse communities [2] . A look at the ethnic makeup of Leicester in 2011, for example, showed that the Caucasian population was just marginally the most dominant ethnic group (Figure 1 ), making the city one of the 'most ethnically diverse' in the region and the whole country [3] . Such diversity can be challenging to practicing physicians as there is a wide variety in the pattern of diseases amongst ethnic groups.
Chart of the distribution of ethnic groups in Leicester in 2011 [4] . Chart created by the Leicester City Council based on results from the Office for National Statistics and National Statistics Agency (Crown copyright). It is therefore essential to continue to investigate and understand the impact of such population changes on disease incidence and prevalence especially in obstetrics, where immigration has significantly increased birth rates [5] . In this review, we examine the impact of ethnicity on preterm birth.
Childbirth before 37 completed weeks of gestation is defined as preterm birth (PTB) [6] and affects 9.6% of all births worldwide [6] and 7.6% of all births in the UK [7] . Worldwide, PTB is responsible for 75% of all perinatal deaths and more than half of these births are associated with long-term morbidities [8] and mortalities [9] . Surviving premature babies have multiple cardiovascular, respiratory and nervous system disorders, with both multiple short-and long-term recurring health needs [10] . As a result, premature infants require repeated hospitalisation, with the risk of acquiring late-onset nosocomial infections in addition to other health problems [11] . This is costly; in well-resourced societies (e.g. USA and UK) it is estimated that billions of dollars/ pounds are spent annually on the provision of care to premature babies [12, 13] . The highest costs are applied to the treatment of very preterm infants; in the USA for example premature and low-birth-weight babies represent half of infant admissions [14] . In fact, late preterm infants also use far more health service resources than term neonates, and it is only by 3 years that costs of healthcare for these equilibrate [15] .
This economic impact on the healthcare system starts well before parturition. Approximately, one-third of all antenatal hospital admissions are due to 'threatened preterm labour (PTL)/PTB' [16, 17] . Of these, 50-80% go to full term without any further antenatal admissions [18] . It is universally acknowledged that the implementation of proper diagnostics, protocols and management plans of women at 'high-risk' of PTB, can save unnecessary admissions without jeopardising the patients' welfare [19] [20] [21] . The main problems associated with PTB thus start with repeated 'unnecessary' maternal antenatal admissions, which cause stress to the mother and could be a contributing factor to PTB [22] . Furthermore, following birth, repeated hospitalisations of the preterm infant which can be for months and years, add significantly to the financial, social, and psychological costs on the healthcare system and families.
Identifying women at high risk of PTB and instituting measures to treat PTL as early as possible would be a logical approach to reduce the impact of PTB [8] .
There are many different classifications of PTB. These are determined by the rationale of the classification, e.g. clinical presentation, gestational age at birth, aetiology or the proposed mechanism of labour [8, [23] [24] [25] [26] .
In 2012 a classification based on five components of the clinical phenotype of (a) maternal and (b) fetal conditions present before presentation for delivery, (c) placental pathological conditions, (d) signs of initiation of parturition, and (e) the pathway to delivery was proposed [27] . However, this is a retrospective approach which provides only a better understanding of the causes of preterm birth and improvements in surveillance across populations. As a result, this classification has not been found to be very helpful.
Another classification, based on retrospective findings and applicable before 28 weeks, uses factor analysis for the comparison of maternal socio-demographic characteristics, clinical presentation, and the histological and microbiological patterns of the placenta [28] . Based on these findings two types of PTB thus exist: (a) one due to established intrauterine inflammation (e.g. pPROM, placental abruption, cervical insufficiency) and (b) the other where there is dysfunctional placentation (e.g. preeclampsia and intrauterine growth restriction).
There are different upper limits of gestational age in various classifications of PTB not only in the literature but also in hospitals in the same country [29] . This leads to varied epidemiology and outcomes when the same data are examined. A similar global discrepancy exists with regards to the age of viability [30] ; while the age of fetal viability in the UK is 24 weeks [31] , in the USA attempts at fetal resuscitation before that gestational age and as early as 20 weeks [32] [33] [34] has occurred. As a result, comparisons of miscarriages, PTB and term births becomes difficult, especially as what is considered a PTB in one country (e.g. at 36 weeks and 6 days in the UK), in another country is considered term birth. We consider the WHO definition (delivery before 37 completed weeks of gestation) as being the most appropriate for epidemiological studies and one that should be used for ethnicity studies into PTB rates.
A literature search was conducted through Pubmed, CINAHL, Embase, and Google Scholar. The search terms used were ethnicity, preterm birth and risk factors for preterm birth, including publications since 1980 and published only in English. An additional search was conducted for relevant governmental reports, consensuses, national statistics and non-clinical articles. The publications were from online journals and articles, and most of them were retrospective population and cohort studies.
Ethnicity
The most extensive multi-ethnic epidemiological studies have been from the USA, where there is a great ethnic diversity due to the economic migration. The data from the USA, thus, offers the standard for global epidemiological investigations from which comparisons can be made.
A clear difference in the risk of PTB among different ethnic groups exists in the USA, where women of African descent are at the highest risk of preterm or very early preterm birth, followed by Caucasians, Hispanics, and East Asians [8, 35] . The incidence of PTB in Chinese women has always been lower than all other ethnicities (3.1 -5.8%) [36] , despite an increase from the low of 3.1% in 2005 to a peak of 7.1% in 2010 [37] . Native Americans [American Indians/Alaskan Natives (AI/ANs)], in one study, were found to have a 1.34 times higher risk of PTB than Caucasians [38] , whilst a different study, which examined the birth records in North Dakota (USA) from 1978 to 1992, showed that Native Americans were at a 45% higher risk for PTB than Caucasians [39] . In all cases, the neonatal outcome in very preterm babies was not influenced by maternal ethnicity [40] .
Maternal age
Extremes of age (< 18 and > 35 years of age) are known to be independent risk factors for PTB [41, 42] . Combining the risk of maternal age with ethnicity (African-American, Caucasian, and Hispanics), showed that all teenage mothers (< 18 years) were at a higher risk of PTB, especially if multiparous [43] . However, the risk of extreme prematurity among mothers of African-American descent was lower in the teenage group than in the 25 -to 29-year-olds. On the other hand, in teenage Caucasians, the risk of extreme (less than 28 gestational weeks) and severe prematurity (from 28 to 31 gestational weeks) was found to be higher than moderate prematurity (32 to 33 gestational weeks). Primigravidae older than 35 years of age (40-49 years) were equally found to be at a high risk for PTB among all three ethnic groups, while multiparous Africans and Hispanics had a higher risk for moderate and severe prematurity [43] . Native American mothers in the extreme age groups (i.e., teenagers and over 36 years) and (even if the fathers were teenagers) were at a higher risk of a PTB in comparison to Caucasians of the same age or gender [39] . Therefore, there are some ethnic differences in the risk of PTB when extreme age at the time of conception is taken into account.
Inter-pregnancy intervals and pPROM
Short inter-pregnancy intervals (IPI) (< 12 months) increase the risk of subsequent PTB [44] , whilst increasing the IPI up to 18 to 23 months reduces the risk of PTB by 4% in Caucasians and 8% in AfricanAmericans in the subsequent pregnancy [45] . The effect of IPI becomes more complicated when multiple risk factors are combined. For example, women who have experienced pPROM in previous pregnancies are at high risk of experiencing it again [46] , and the risk tends to be even more exaggerated the shorter the IPI. This is slightly higher in African-Americans compared to Caucasians [47] , but this may be related to the fact that AfricanAmericans are more susceptible to pPROM than other ethnicities [48, 49] .
BMI and multiple pregnancies
Mothers with extremes of body mass index (BMI) (either underweight or obese) are known to be at high risk of PTB [50, 51] . During pregnancy, high (more than 0.52 kg/ wk) and low (less than 0.27 kg/wk) weight gain in AfricanAmericans who had previously had a PTB, increased the risk of having another PTB [52] . This association was not found with Caucasians, Hispanics or Asians and in fact, Asians with low weight gain and a previous PTB were not found to be at higher risk of recurrence [52] . Similarly, multiple gestations are another independent risk factor for PTB [53] , which may be either spontaneous, secondary to uterine over-distension or iatrogenic because of gestational complications. The rate of twin pregnancies has increased in the last 30 years by 76% in the wellresourced countries [54] and by 101% in the USA [55] , i.e., 2-4% of all births [54] . By contrast, twin pregnancy rates in Southeast China remained consistently low (0.60 -0.70%) from 1993 to 2005 [56] . A possible reason for this increase is the assisted reproduction treatments (ART), which have increased during the same time period. The rate of multiple pregnancies (especially the dizygotic twins) [57] has increased due to ART, and these pregnancies are at a higher risk of very preterm delivery [58] . Dizygotic pregnancies have an overall world-wide incidence of 13/1000 live births; these are more common in sub-Saharan countries (23/1000 live births) and less common in Asia (6/1000 live births) [59] . Interestingly, this variation in the incidence of multiple pregnancies will have an impact on PTB rates. In Southern Brazil [60, 61] in the state of Rio Grande do Sul, where 80% of the population is Caucasian [62] , the twin pregnancy rate has been constantly higher in comparison with the rest of the country. The rate in that state was 1.8%, between 1990 to 1994, whilst in a district of its town Cândido Godói (CG) it was 10% giving the town a rate of approximately 2%. From 1994 to 2006, the twin rate in CG remained at an average of about 2% while in the whole country it was less than 1%. A similar geographical and ethnic isolate was found in Southwest Nigeria, where twinning rates reach 46.5/1000 deliveries [63] . The reason for this huge twinning rate, in the absence of ART, may be due to genetic rather than other epidemiological factors. The rate of PTB in multiple gestations varies in western countries [64] , possibly due to different practices in patient management, but it remains around 60% [54] . The rate in twin pregnancies is 50% and rises to 90% in triplet pregnancies [65] . Advanced maternal age increases the chances of a dichorionic twin pregnancy, either spontaneously or due to assisted conception treatment, but it seems to have a positive effect on PTB rates [66] .
While among women with twin pregnancies below the age of 30, African-Americans are at higher risk of PTB, followed by Caucasians and then Hispanics, this changes dramatically with advancing age, where the risk increases in all three groups being highest in Caucasians [55] .
Genetics
There are some epidemiological factors that have suggested a genetic component of PTB, independent of ethnicity. Women who are born premature themselves or if their siblings were, are at risk of having a PTB [67] . Moreover, in women who previously had a PTB, the risk persists and keeps increasing with every subsequent pregnancy [68] . Considering that an ethnic pattern is also implicated in the risk of PTB, it can be concluded that inheritance is involved. What these genetic factors are, is the subject of fierce research. What has been established is that polymorphisms encoding pro-inflammatory cytokines are associated with PTB [69] [70] [71] [72] . Indeed, variations exist among different ethnicities (AfricanAmerican and Caucasian) in the amniotic fluid cytokine concentrations [73] , for example whereas interleukin (IL)-1 is dominant in African-American mothers, IL-8 is higher in Caucasians. Another difference is in response to infectious agents, where fetal membranes from Caucasian pregnancies react by producing more tumour necrosis factor-α (TNF-α) and IL-10, while AfricanAmerican pregnancies produce mainly IL-1, whereas IL-8 levels were similar in both groups [74, 75] .
In Chinese women, a polymorphism in the SEPS1G-105A gene seems to increase the risk of PTB, through an increase in the pro-inflammatory cytokines IL-1β, IL-6 and TNF-α [76] . Likewise, Japanese women with polymorphisms and haplotypes in the IL1-A genes are at a high risk of PTB [70] . Selected TNF/LTA haplotypes have also been found to increase the risk of PTB equally in African-Americans and Caucasians [69] . In women from Northern India, it has been suggested that their risk of PTB increases with polymorphisms in the Cytochrome P4501B1 (CYP1B1) gene (a homozygous variant of CYP1B1*2 and heterozygous variant of CYP1B1*3 and CYP1B1*7 genes) [77] . In addition, several studies have correlated polymorphisms in the CYP1A1 and GSTT1 genes with an increased risk of PTB [78] [79] [80] [81] , but here the results differ radically among differing ethnicities. For example, studies in a Chinese population showed that mutations in these two genes are associated with an increased risk of PTB either individually [79] or with passive smoking [78] , whilst earlier multi-ethnic studies [80, 81] found a similar correlation between these genetic mutations and the risk of PTB and low birth weight (LBW) in African-American women, but not in Caucasians. However, such risks were present only in smokers and in those exposed to toxins, such as benzene. In conclusion, CYP1A1 and GSTT1 mutations seem to be associated with PTB in Chinese women, whereas in African-Americans they have a selective effect and there appears to be no influence in Caucasians.
The effect of antenatal corticosteroid therapy has also been shown to be influenced by maternal ethnicity [82] . Antenatal corticosteroid therapy is often used in women at high risk of PTB to accelerate lung maturity in the fetus of women who have gone into preterm labour. Corticosteroid metabolism is controlled by enzymes of the cytochrome p450 (CYP) family [83, 84] and such expression is influenced by ethnicity [85, 86] with most African-Americans expressing CYP proteins, whilst only 10% of Caucasians do. As a result, this leads to faster activity and shorter bioavailability of corticosteroids in African-Americans. Depression increases the risk of PTB in both African-Americans and Caucasians [87] , and despite stress being another independent risk factor for PTB [88] , it seems this factor does not preferentially increase PTB risk in any specific ethnic group [89] .
Effect of neighbourhood, psyche, and intentions
Neighbourhoods of lower socioeconomic status (SES) form an independent risk factor for PTB [90] , with the 'neighbourhood factor', in the form of deprived areas, leading to an increase in risk in both African-Americans and Caucasians [91] . The incidence of PTB in AfricanAmericans who live in Hispanic neighbourhoods was noted to decrease, possibly due to amelioration in psychosocial or lifestyle factors [92] . This observation was confirmed in other studies that showed that a maternal 'positive sense of life-satisfaction' [93] and acquiring a 'healthy life-approach' with adequate healthcare provision [94] , reduced the risk of PTB in low-income African-Americans. Not surprisingly, there was an evident decline in the risk noted in the 1990s in African-American women following macroeconomic improvements [95] .
Neighborhood ethnic density compared among seven different ethnic groups (non-Hispanic white, non-Hispanic black, Spanish Caribbean, Central American and Mexican, South American Hispanic, East Asian, and South Asian), in New York, over an 8-year period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , proved exclusively that non-Hispanic blacks were at a higher risk for PTB [96] . A more detailed analysis of the effect of ethnic density among African-Americans, Caribbean, and US-born non-Hispanic African-Americans, in the aforementioned population and the risk of PTB, showed that the risk was higher in US-born non-Hispanic AfricanAmericans than in immigrants [97] . Similar findings were shown in studies on Arab-Americans who lived in Michigan [98, 99] . Not only were women of Arab ancestry at lower risk of PTB than Caucasian women, but USborn Arabs (Arab-Americans) were at a higher risk than immigrant Arabs. These findings were thus attributed to 'environmental factors'.
Examining the "neighbourhood impact" on a bigger scale, the risk of PTB has been noted to increase in Hispanic (Mexican) immigrants in the USA [100] and in Chinese women acquiring a Western lifestyle [36] . Another reason why generalisation leads to inaccuracy, and that social factors are a strong element in the aetiology of PTB, is the fact that the risk of PTB is higher in non-Hispanic AfricanAmerican than in non-Hispanic African immigrants [97] . It is evident that despite the inter-ethnic differences in the risk of PTB in low SES, the main reason for the increase is related to maternal weathering, (a weakening of the maternal health state with the advancement of age), which is accelerated with social disparities [101] [102] [103] [104] .
One more habit that increases the risk of PTB is unhealthy nutrition and specifically low intake of omega-3 fatty acids [105] . An omega-6/omega-3 fatty acid ratio in maternal plasma that is greater than 15 in Caucasian women was associated with a higher risk of PTB at the time of delivery, but a similar ratio does not form a risk for African-American women [106] . This suggests that nutrition either before or during pregnancy has a direct impact on PTB, but whether this effect has an ethnic basis has not been fully established.
Unintended pregnancies carry a higher risk of PTB and can be associated with concomitant SES that makes the risk even higher [107] . The risk of having an unintended pregnancy is determined mainly by SES factors rather than ethnicity, even though some difference has been noted. For example, in California, unmarried Hispanics are at a lower risk than unmarried Middle-Eastern or Europeans [108] . An assessment of the risk of PTB with an unplanned pregnancy in the same city, among different ethnicities, put Caucasians and immigrant Hispanics at higher risk than US-born Hispanics and African-Americans [108] . Even after an adjustment of the SES factor, immigrant Hispanics remained at a higher risk of PTB than all other groups within the study.
Finally, a more complex attempt to find an association between bacterial vaginosis (BV), lower SES and ethnicity, as a risk for PTB between Caucasian and African-American women, showed no significant ethnic difference [109] .
Paternal contribution
Paternal ethnicity from several studies on bi-racial couples has been shown to contribute to the risk of PTB [110, 111] . However, since most of the studies [112] were in the USA, the only ethnicities studied were AfricanAmericans and Caucasians. In a bi-racial couple where the father was African-American the risk of PTB was higher than if the mother was. Nevertheless, bi-racial couples present a lower PTB risk profile than couples where both parents are African-Americans [112] . A comparable study, but with noted limitations, related to Middle-Eastern ethnicity suggested that the risk of PTB is higher in couples where the mother is of Middle-Eastern descent, while the father is not, in comparison to a couple where both parents are of Middle-Eastern descent [113] . These data suggest that there are more contributing factors to the risk of PTB other than the maternal genotype, but that the paternal genotype and hence the fetal genotypes may indeed be involved.
The impact of gestational age on PTB epidemiological studies
An important factor underlying the incidence and prevalence of PTB and influencing epidemiological studies, whether ethnicity is a factor or not, is the definition of PTB. The WHO defines "term pregnancy" as 37 completed weeks of gestation. A large national study in the USA showed that neonates born at 37 weeks of gestation were at a higher risk of mortality in comparison to those born at 38 and 39 weeks (2.3/1000 live-born infants vs. 1.7 and 1.4/1000, respectively), with a plateau between 39 to 40 weeks [114] . Interestingly, no ethnic variation was noted among low-risk African-Americans and Caucasians. An even larger study examining over 46 million births concluded that the risk of neonatal mortality was high at 37 and, to some extent, at 38 weeks of gestation [115] ; with ethnic variation taken into the analysis, African-Americans were found to be at higher risk at 37 weeks (2.2/1000 live-born infants), followed by Caucasians (1.6/1000) and then Hispanics (1.5/1000). At 38 weeks the risk fell considerably, in African-Americans 1.2/1000, Hispanics 1.0/1000 and Caucasians 0.9/1000. These data suggest that the timing of studies in which ethnicity has a role to play also needs to be carefully considered.
Discussion
The epidemiology of PTB remains highly contentious. The wide spectrum of risks and aetiological factors, the endless possibilities of perplexed scenarios where several contributory factors can be present make this very complex. As the possible number of risk factors increases and become more complex, so does the variability in the global incidence of PTB [116] [117] [118] [119] [120] .
As mentioned earlier, the world is becoming pluralistic, a change that offers an opportunity to study the different ethnicities and their possible interrelation with certain clinical conditions and risks. As a principle, any possible correlation discovered by these epidemiological findings can help thousands, if not millions, all over the world. In the case of PTB, it helps to identify 'high-risk women' and thus enable early counselling and intervention to improve the outcome.
Most comprehensive studies on the epidemiology of PTB were performed in the USA and understandably examined the impact of ethnic differences, with the main ethnicities being US born African-Americans and Caucasians, and to an extent Hispanics. Independently, when women of the same ethnicity were exposed to different social and environmental circumstances (e.g., migration), the risks for PTB changed. Moreover, a discrepancy in the risk of PTB was also found among women who are of the same ethnic origin, (e.g., AfricanAmericans, Caribbean and African-immigrants [97] ) due to variations in their ethnic densities. It was easy to conclude that, (a) ethnicity sometimes can be a malleable risk factor, and (b) certain ethnicities can be subdivided into subgroups with individual risk factors. A further exploration of the ethnic subdivision is provided in other studies comparing rates in sub-ethnic groups [121] . The first example is a comparison of the rate of PTB in subSaharan Africa (12.3%) to that in the Caribbean (11.2%). The second example is a similar comparison between the rates in the Caucasus and in Central Asia (i.e. regions of origin for 'Caucasians' where historically there has been a reduced chance of ethnic diversity) where the rates are 9.2% and differ from the 8.6% rate found in the 'Developed Regions'. It is evident that despite the presence of similar ethnic features, in both of the examples above, there are discrepancies in the incidences that should be considered.
These findings suggest that ethnicity, its subdivisions, and their interaction with various factors, especially the environment, have an impact on the epidemiology of PTB. This is more applicable in geographical areas with large and diverse populations.
India is the country with the highest number of PTBs globally (23.6%) [121] while China, the most populous country in the world, is second but its PTB rates are only one-third of India (7.8%) ( Table 1) . Furthermore, India, Pakistan, and Bangladesh are in the top 10 countries with PTBs forming one-third of the global preterm deliveries (31.4%) [121] . In fact, six out of the top ten countries are in the Asian sub-continent. Their populations combined form half the citizens of the globe (3.2 billion) and the numbers of PTB represent 46% (6.88 million) of the total PTBs worldwide. More interestingly, Pakistan and Indonesia (Table 1) are the only non-African countries with high PTB rates (15.8% and 15.5%, respectively) [121] . An argument can be made that these countries have limited resources and therefore unfavourable environmental and social factors. However, the USA, a more resourced country, is ranked sixth in the global table, while in other regions such as Northern Africa and Latin America the rates are 7.3% and 8.4%, placing them 4th and 5th in the table. Therefore, such anecdotal arguments about the lack of resources and a poor environment being the main contributory factors in PTB risk are inadequate. Still, we conclude from all this that despite consistent research and studies on different epidemiological factors and ethnic discrepancies involved in PTB, very little attention has been given to the Asian continent, in general, and the Indian sub-continent in particular.
In the USA, citizens of Indian/South Asian descent represent only 1% of the entire population [122] , so their ethnicity is insufficiently reflected in epidemiological studies. In the UK, on the other hand, where South Asians (from India, Pakistan and Bangladesh) form 5.3% of the country's population [2] and in cities (such as Leicester) with a big Asian community (28.3%), such epidemiological studies have yet to be undertaken.
Conclusion
The epidemiology of PTB is rather complex, especially when different coexisting risk factors are taken into account. Ethnicity plays a role with obvious differences amongst various ethnic groups. A more thorough examination of ethnicity will help in unveiling other potential associated risk factors and the extent of these risks in PTB. A better knowledge of ethnical epidemiology not only helps in identifying women who are at 'high risk', but will also allow the offer of the appropriate management. Certain ethnicities have not been studied, despite the facts that they are very 'highrisk groups' and are also adequately represented in some Western societies. It is about time that these studies are undertaken.
The WHO has conveniently highlighted the incidence and consequences of PTB and offers some broadline suggestions for its management [6, 123] , however, various management approaches seem to only minimally influence outcome at the unit level with specific clinical guidelines that only deal with specific complications. It is thus recommended that the WHO and national health authorities encourage a closer examination of the epidemiology of PTB and investigate how this can influence intervention and management of PTB, either in the form of new preventive methods or in early detection of clinical complications, but remembering that ethnicity could be a confounding variable.
Key points
1. Preterm birth is a common obstetric complication with significant health and financial impacts on the patients and health system. 2. Ethnicity is known to be a risk factor for preterm birth. 3. Many risk factors for preterm birth are affected by ethnicity, like maternal age, BMI, paternal ethnicity, and socio-economic status. 4. Ethnic epidemiology helps in the early management of women who are at 'high risk'. 5. Countries and cities with multi-ethnic populations could offer further answers by comparing the different ethnicities and their influence on the risk of PTB.
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